Studying the impact of climate variability is important for the rational utilization of water resources, especially in the case of intensified global climate variability. Climate variability can be caused by natural climate variability or human-caused climate variability. The analysis of Jinghe River Basin (JRB) may not be comprehensive because few studies have concentrated on natural climate variability.
INTRODUCTION
Over the past century, the global climate has changed dramatically, which has affected hydrologic circulation However, in recent decades, due to the impacts of climate variability and local interference, a multitude of problems has arisen, such as serious soil erosion, land degradation, soil desertification, water shortages, vegetation degradation, and many other issues that hinder the sustainable development of the economy and society (Peng et al. ) . and 7.93%, respectively. Chang et al. () employed a variable infiltration capacity (VIC) to determine the runoff variability and found that local interference had a greater influence on runoff than climate variability, and the percentage of runoff changed by local interference was over 60%.
The Budyko framework was used by Zhao et al. () in the middle reaches of the Yellow River Basin, and they found that the local interference was the dominant factor responsible for the decline of runoff. Yao et al. () A simulation of natural climate variability requires long series data that are unaffected or minimally affected by local interference; however, observation data only exist for approximately 100 years worldwide, and only since the 1960s in most parts of China. Given that the hydrological data series in the JRB is too short to analyze the natural climate variability on runoff, the Monte Carlo method, a random sampling method, is employed in this study to extract short time series data and combine them to construct long time series data.
The Monte Carlo method is based on probability statistics theory to obtain an approximate solution to a problem by random sampling (Jeremiah et al. ; Brodie ) . The Monte Carlo method has advantages that include: a good reflection of statistical law; not being limited by the complexity of the multidimensional system; the ability to solve complex problems; and a simple structure that is flexible in application.
There are two main assumptions in the process of analyzing the effects of natural climate variability on runoff. 
DATA AND METHODS

Study area and data
The JRB was chosen as the study area and is shown in , and the test statistic UF can be computed as follows:
where x 1 , x 2 , Á Á Á , x n is the runoff series; n is the number of runoff series; k is the total number of the situation x i < x j .
When realigning the runoff series x n , x nÀ1 , Á Á Á , x 1 , repeated, and the new test statistic UB can be calculated.
When UF ¼ UB, that is, when the curves of UF and UB intersect under a certain confidence level, the aberrance point may be interpreted to have occurred in that period (Xuan et al. ) . In general, the confidence level is always 95% (Gerstengarbe & Werner ).
Monte Carlo method
As the hydrological data series in the JRB is too short to analyze the impact of natural climate variability on runoff, in this study, The theory of the Monte Carlo method is described as follows:
where Y is the function, X is a random variable of monthly runoff obeying a certain probability distribution, and f (X ) is an unknown or a complex function.
It is difficult to obtain the probability distribution of Y by analytical methods. The approach of the Monte Carlo method is that it can directly or indirectly sample from each random variable X, and then bring the sample into Equation (6) to calculate Y and repeat this cycle multiple times, thus obtaining a batch of functions
If the number of simulations is large enough, the probabilistic characteristics of Y can be determined, and the sample mean and sample variance of Y can be expressed as follows: after the aberrance point and the simulated runoff ΔQ simulated , is only affected by local interference.
where ΔQ C (mm) and ΔQ H (mm) represents the variability of runoff by climate variability and local interference, respectively; ΔQ obs,1 is the monthly average runoff before the aberrance point (mm).
The percentage of runoff changed by natural climate variability (PN) can be calculated by the Monte Carlo method; the percentages attributed by human-caused climate variability (PC) and local interference (PH) are computed as follows:
Evaluation indexes
The Nash-Sutcliffe efficiency coefficient (R 2 ) (Nash & Sutcliffe ), mean relative error (MRE) and root mean square errors (RMSE) were chosen as the evaluation indexes to estimate the accuracy of the simulation results of TOPMODEL. The best simulation results are those with a higher R 2 and lower MRE and RMSE. R 2 and MRE and RMSE are defined as follows:
where Q i represents the measured runoff, Q s represents the simulated runoff, Q c is the mean measured runoff, and N denotes the number of the data set.
Climate elasticity method
The climate elasticity method was proposed by Schaake 
where E 0 , P, and Q are the monthly average potential evaporation (mm), monthly average precipitation (mm), and monthly average runoff in the whole period, respectively. P 2 and P 1 are the precipitation after and before the aberrance point, respectively. ΔP represents the variation of precipitation (mm) between P 2 and P 1 ; E 2 and E 1 denote the potential evaporation after and before the aberrance point, respectively. ΔE 0 represents the variation of potential evaporation (mm) between E 2 and E 1 . ε p and ε E0 are dimensionless coefficients. ϕ is the aridity index.
There are some climate elasticity methods to calculate Table 1 .
PN, PC, PH can be computed as follows:
A detailed flowchart showing how the data were processed and analyzed is presented in Figure 3 .
RESULTS
Aberrance point analysis
To analyze the impact of natural climate variability on runoff, the natural condition that is considered to be unaffected or minimally affected by local interference must be selected. In this study, the modified Mann-Kendall test method was chosen to analyze the aberrance point of the runoff, displayed in Figure 4 at a significance level of 95%. Figure 4 shows that the curves of UF and UB intersected in 1996. Therefore, it can be concluded that the Schreiber ()
Turc () and Pike () Table 2 . 
Quantifying the impact of natural climate variability on runoff
To analyze the impact of natural climate variability on runoff, a long time series of hydrological data unaffected or minimally affected by local interference is needed. The short series of the runoff data from the Zhangjiashan hydrological station may lead to less reliability in the process of analyzing the impact of natural climate variability. Based on assumption 1, the Monte Carlo method is adopted in this study because it can randomly extract a short series of monthly runoff data between the maximum and minimum measured monthly runoff in the natural condition period, i.e., from 1960 to 1995, and combine them to construct long time series monthly runoff data. Therefore, we can also obtain a mass of monthly runoff data with a data period from 1960 to 1995 by combining monthly runoff data.
It is believed that the more sampling times available, the higher the accuracy of the extracted runoff close to the natural runoff in the natural condition period. However, there are limitations to the number of samples that can be taken. To reduce the workload, reasonable sampling times must be determined. In this study, extracted runoffs of 1,000 times, 5,000 times, 10,000 times, 15,000 times, 20,000 times, and 25,000 times are shown in Figure 5 . In Figure 4 | Aberrance point of runoff tested by the modified Mann-Kendall method in the JRB. addition, whether the sampled runoff remains invariant is also analyzed based on the mean value and variance displayed in Table 3 . Figure 5 shows that the sampled runoff is basically stable when the number of sampling times reaches 20,000. Table 3 shows to 30.70% at a confidence level of 95%. Therefore, the average percentage of variability of runoff due to natural climate variability is 30.52%, i.e., PN ¼ 30.52% at a confidence level of 95%.
Model calibration and verification
TOPMODEL, which is widely used to describe and explain the runoff trend and movement of runoff along the slope due to gravity drainage by means of a topographic index ln(α/tanβ) was chosen to simulate runoff in this study. To better simulate runoff, the accuracy of the topographic index must be improved. In this study, JRB is divided into 19 sub-watersheds, as shown in Figure 7 , to obtain the topographic index and to boost the precision of the simulated runoff.
In this study, the natural condition period was from 1960 to 1995, and this period was divided into two smaller periods, the calibration period and validation period (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) . The Monte Carlo method was employed to extract monthly runoff data during the natural condition period.
After that, the extracted monthly runoff data were combined to construct a long time series of runoff data, with the goal of reducing the instability and reliability of the short runoff series, while analyzing the natural climate variability impact on runoff. It was discovered that the sampled runoff remained essentially invariant when the number of samples reached 20,000, and the results sampled 20,000 times showed that the impact on runoff due to natural climate variability was 30.52% at a confidence level of 95%.
To analyze the impact of natural climate variability, human-caused climate variability, and local interference, TOPMODEL and the climate elasticity method were adopted. The results based on TOPMODEL showed that the percentage of runoff variability was 30.52%, 0.59% and 68.89% at a confidence level of 95% due to natural climate variability, human-caused climate variability, and local interference, respectively.
The results based on the climate elasticity method showed that the impact on runoff due to natural climate variability was 30.52%, the impact due to human-caused climate variability changed from 6.44% to 14.89, and the impact due to local interference varied from 54.59% to 63.04% at a confidence level of 95%. The results by both methods indicate that local interference is the dominant cause for the variability of runoff in the JRB. More importantly, the impact of natural climate variability on runoff cannot be ignored in future studies. Although the JRB was selected as the study area in this study, the methods employed here can be applied in other regions as well.
